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ABSTRACT

Know edge of population dispersal is inmportant in managing bull trout
Salvelinus confluentus stocks. Actions protecting or enhancing the species nay
perform poorly if novenent patterns are not clearly understood. ldentification
of spawning locations is critical to |and-nmanagenent decisions. W studied the
spawni ng run and subsequent w nter mnovenent and habitat use of bull trout
ascending Rapid River, a tributary to the Little Salmon R ver. W inplanted
radio-tags in 30 bull trout from May 28 to June 1, 1992 and used both ground
tracking on foot and aerial surveys to nonitor novenents through March 1993. The
greatest distance noved by an individual bull trout during the 10 nonth period
was 100 km The average bull trout noved 22 km upstream from their rel ease point
during the spawning run (range = 4.8-29.3 kn). W observed a pul se of downstream
movenent in md-sumer. The |ikelihood of this behavior occurring was rel ated
to fish size. Over half of the fish less than 457 mmin length did not appear
i n docunented spawning areas. Data suggest that a portion of the run nay not
ascend the stream to spawn. Spawning activity was limted to four principal
reaches in the uppernmbst 10 km in the drainage. Post-spawning nortality of
radi o-tagged fish was 67% If confirmed with additional data, this high rate

will have major inplications in setting appropriate regulations for enhancenent
of the species. Overwintering bull trout showed strong site fidelity after
entering the main Salnmon River. Individuals typically remained within a single

habitat unit during the entire 6-nmonth nonitoring period. Qur results suggest
that the Rapid R ver stock overwinters within a popular steelhead trout
Oncor hynchus nykiss fishery and may be subjected to incidental exploitation.
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I NTRODUCTI ON

The bull trout Salvelinus confluentus is the |east understood salnonid
residing in Idaho waters. The ability of this species to grow to large sizes in
unproductive systens provides a unique fisheries opportunity. Concern regarding
the status of the species has pronpted interest in bull trout life history and
habi tat requirenents.

Biologists find bull trout a difficult fish to study because of their |ow
densities and cryptic behavior. In Idaho, bull trout are typically present in
| ow numbers (<0.10 fish/100 nf). Over 75% of snorkeling sites scattered over a
broad geographic area within the species range in ldaho did not contain any bull
trout (Schill 1992). Low densities mmy represent accurate counts or nmay be
negatively biased due to the cryptic nature of bull trout. Several authors have
suggested that standard daytinme snorkel nethods are sonetines insufficient to
enunerate bull trout (Goetz 1989; Shepard et al. 1982).

Extensive nobility also conplicates life history study of the species.
Adfluvial fish often nove in excess of 75 km annually during spawning mgrations
(Fraley et al. 1981; Shepard et al. 1982). In the only study addressing fl uvial
bull trout novenents in ldaho, Bjornn and Mallet (1964) docunented extensive
novenent of adults in the Mddle Fork Salnon River. The nean distance between
taggi ng and recovery sites for fish exhibiting nmovenrent was 38 km (range = 1.7-
325 knm). This range of novenent was only for |lower portions of the river during
periods of overwintering and early spring novement. The spawning mgration was
not studi ed but woul d have extended the above ranges greatly.

Because of this extensive nobility, know edge of novenent patterns is
i mportant to nanagenment of bull trout stocks. Understanding popul ati on dispersal

in the main Salnmon River will aid in the estimation of both natural and angling
mortality for individual tributary stocks and will be used for devel opment of
regulations and their boundaries. Mvenent data wll also be wuseful in

identifying critical habitats to aid |and managenent agencies in |and-use
deci si ons.

W studied the bull trout spawning run in Rapid R ver, a central Idaho
tributary of the Little Salnon River. A pernmanent fish trap allowed capture of
bull trout near the start of their upstream spawning migrations. W selected
radio telenetry nethods to nonitor novenents because of the renoteness of the
drai nage and recent success of the nethod in identifying bull trout spawning
areas and general nmovenent patterns (Mke Faler, US Forest Service, unpublished
data).

OBJECTI VES
1. To docunent timng and | ocation of spawning activity for fluvial bull trout

in Rapid River.

2. To assess bull trout spawning nortality.
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3. To docurnent novenent of the Rapid River population in the main Salnmon R ver
during late-fall/w nter.

DESCRI PTI ON CF STUDY AREA

Rapid River is a fourth order stream flowing 30 kmeast to the Little Sal non
River near Riggins in west-central ldaho (Figure 1). The stream drains a renote
roadl ess area totaling approxinmately 31,000 hectares and is designated a wild and
scenic corridor.

Rapid River is a narrow stream (nean width = 8 n) conprised largely of high
gradient riffles, cascades and other fast water types. Overton et al. (1993)
estimate the streamis conprised of 88.5% B channel and 11.5% A channel using the
Rosgen (1985) nethodology. Little Gtype channel occurs in Rapid River. The
substrate is primarily |arge cobbl e-rubble substrate. The flow regime is typical
of many central |daho streanms. Peak runoff typically occurs in late-spring (My-
June) with flows decreasing steadily to winter base flows. Average nonthly flows
in 1990 ranged from1.7-7.1 m/s (US Forest Service, unpublished data).

Sal nonids present in the drainage include steelhead trout Oncorhynchus
nyki ss, chinook salnmobn Oncorhynchus tshawytscha, brook trout Sal vel i nus
fontinalis, and bull trout. Chinook salnon are found predominately in the |ower
third of the drainage based on snorkel observations (Kerry Overton (US Forest
Service), unpublished data). Brook trout are present in upper reaches of the
Lake Fork, a headwater tributary and possibly in others as a result of past high
nountai n | ake pl ants.

Rapid River contains a sizable spawning run of bull trout that has ranged
from 91-461 fish in the last 20 years (Schill 1992). Counts are based on records
fromthe Rapid River chinook hatchery |ocated about 1.7 km above the nouth of the
stream A velocity barrier and trap permts handling of all wupstream bull trout
m grants during the spring/sumrer period of salnobn and steel head trout trapping.
In typical years, the bull trout spawning run begins in Md-April, peaks in early
June and is largely conplete by the end of July (Schill 1992).

METHCDS

Sur gery

Al bull trout ascending the stream from April 30 to August 31 were neasured
for total length by Rapid R ver Fish Hatchery personnel and rel eased upstream of
the hatchery intake dam W inplanted radio tags in a subsanple of the run (30
bull trout) on May 27-30 and June 1.

Study fish were held in hardware-cloth pens in raceways prior to surgery.

We anesthetized fish in a large stock tank with Ms222 and mneasured | engths and
wei ghts to the nearest millimeter and 10 g, respectively. Fish were placed in
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a net cradle and gills were aerated using a garden sprayer and a bilge punp that
recirculated water from the. stock tank. To avoid heat stress and anglers
observing rel eases, we conducted surgery between the hours of 2100 and 1500.

Surgical procedures were simlar to those of Rich (1992). A 20-30 nmm
i nci sion was made through the ventral abdom nal wall just anterior to the pelvic
girdle. The external whip antennae was placed just posterior the pelvic girdle
using a nodification of the shielded needle technique (Ross and Kleiner 1982;
Rich 1992). After inserting the transmtter in the coelonmc cavity we closed the
incision with three to four stitches using a 1/2 curved needle and 4-0 collagen
suture. Betadyne was applied to the incision location before and after the
surgery as well as at the antennae exit site. W also floy-tagged fish (Dell
1968) to facilitate visual identification of radio-tagged trout on the spawning
beds and to nonitor radio-tag expul sion. Individual fish were held in a recovery
tank 10-40 mn before rel ease back into the stream above the hatchery intake.

The receiver and three sizes of tags (6, 10, and 20 g) were purchased from
Advanced Telenetry Systens Inc. (ATS), Insanti Mnnesota. Unique individual
frequenci es ranged from 150.015 to 150.595 Mz. The tags were 35, 45, and 55 nm
long and varied in dianeter from 12-20 nm Marty and Summerfelt (1986) suggest
[imting transmitter weights to less than 2% of the fish's weight to reduce the
i ncidence of tag expulsion. We followed these guidelines and used appropriate
tags for individual fish.

W used two types of tags including standard transmtters (25 tags) and
experinental tenperature sensors (five tags). Tenperatures were estinmated in the
latter by counting the nunber of pulses heard in three, 11 s intervals, averaging
the results and using regressions developed for each individual tag by the
manuf acturer. We verified the accuracy of the tenperature tag estimates by
neasuring the focal point tenperatures on visual bull trout sightings to within
0.2°C on eight occasions. Results were tested with correl ation anal ysi s.

Radi o- t racki ng

Rapi d Ri ver

W used both aerial and ground tracking on foot to nonitor bull trout
novenents in Rapid River. Gound tracking was used throughout the year but nost
heavily in early June when fish were within 10 km of the hatchery and in August
during spawning. W used an ATS nodel R2100 receiver equipped with a three
el enent yagi directional antennae to locate fish. W used the point of maxi mum
acoustic signal strength to approximate fish locations and used a visual signal
strength display at |ower power gain to pinpoint actual fish |ocations. W
nmeasured air and water tenperatures at all |ocations.

We sought visual contacts with fish when possible to ensure that fish were
alive. Either the visual observation or maximum visual signal strength was
considered the location for individual fish. It was sometimes difficult to know
when a fish was dead. |If we probed a hidden fish's location, and it did not
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move, and if no subsequent tag novement occurred, we assunmed it had died by the
second observation date.

A variety of habitat paraneters were subsequently neasured at each
observation site. These data and a drainage-wi de habitat inventory are being
used in an ongoing habitat selection study for spawning bull trout. Results wll
be reported in a future.US Forest Service report.

Upon comencenent of spawning we noted redd |ocations and nmeasured a variety
of physical redd attributes that wll be summuarized in the above conpanion
report. W& were unable to associate redds with radio-tagged fish in two portions
of the drainage during the height of spawning activity. W conducted in-stream
redd counts in a 2 km length of stream at both sites to verify the
presence/ absence of spawning activity.

Aerial tracking was used to aid in ground survey logistics and to l|locate
fish mssing from ground surveys. Tracking was conducted approximately 330 m
above the stream at 136-153 kmh with a single antennae nmounted on a wing strut.
We scanned transnmitter frequencies at 2 s intervals using a programuable
receiver. The point of naximm acoustic signal strength was considered the
| ocation of a tagged fish.

The dates of all ground and aerial radio-tracking efforts are listed in
Appendix A W marked all telenetry locations on US GCeological Survey
topographic naps. Upon conpletion of the field season, we digitized the
drai nage, entered all observation locations and estimated distances traveled
directly using an Altek Datatab. W used a one-tailed Fishers Exact Test (Zar
1974) to exanmine different novenent patterns of two size classes of tagged bull
trout.

Mai n Sal non Ri ver

Tracking efforts for fish in the Salnmon River were simlar except that
ground surveys were done by vehicle. A total of eight ground surveys were
conpl eted between Septenber 18, 1993 and March 22, 1994. W categorized the type
of habitat utilized by fish at all |ocations after Sisson et al. (1982).
Habitat types included pools, runs, glides and riffles. W photographed our
estimated fish locations with a polaroid camera and nmarked |ocations on topo
maps. Photos were wused to aid in determning future novenment wthin an
i ndi vidual habitat unit. Aerial surveys were conducted on three occasions to
|l ocate fish mssing fromthe ground surveys.
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RESULTS

Rapi d Ri ver

A total of 271 bull trout were trapped during the 1992 spawning migration.
The run began on April 30, peaked during the last week of May and was largely
conplete by July 7 (Figure 2). The last upstream mgrant was captured on August
31. Fish ranged in total length from 200-620 mm and averaged 407 nm (Figure 3).
W were unable to visually sex the fish at this tine.

Because of tag:fish weight considerations we did not radio-tag fish in all
size groups. W tagged only three fish less than 400 mm the snallest being 360
mm The majority of fish tagged (57% were between 400 and 500 nm in |length
(Figure 3). Thus, we did not tag representative fish for a |large segnent of the
run. Tag weights (expressed as a percent of fish body weight) averaged 1.06%
(Appendi x B).

Initial behavior of tagged fish varied considerably by individual. Mst
fish noved upstream imediately after surgery. Radio-tagged fish noved an
average of 359 m(n = 24) within 24 h of release. This novement ranged from 50 m
downstreamto 1,200 mupstream for individual fish.

Not all fish noved upstream above the rel ease site. One was harvested by an
angler within 24 h of release. W tagged another upstream mgrant to replace
the lost fish. Another fish dropped over the hatchery diversion dam5 d after
rel ease (May 27) and noved downstream 1,200 m The fish noved downstream 4, 000
mto the mouth of Rapid River by July 24. Hi gh tenperatures in the Little Sal non
River may have prevented further downstream novenent. W |ost contact with this
fish in md-August.

All other radio-tagged fish noved substantial distances upstream The
average fish noved 22 km upstream from our release point during the duration of
the spawning run (range = 4.8-29.3 km. For nost fish, there was an initial
period of rapid novement with many fish slowing and staging in the vicinity of
the West Fork Rapid River (7 kmupstrean) within 2 weeks of tagging. This period
was followed by another rapid increase in novenent for many individuals. By June
24, the mgjority (709 had noved past the West Fork Rapid River and were
distributed fairly evenly between Wst Fork Rapid River and Fry Pan Creek
(Figure 4). The uppernost two fish traveled 20 km by June 24 or about 1 kmd.
The area around the West Fork Rapid R ver appeared to be a mmjor staging area.

We observed a pulse of downstream novenent in md-sumer (June 24 to
July 27) ranging from 228-9,640 m The likelihood of this behavior occurring was
related fish size. Sixty-four percent of fish less than the nedian size tagged
(<457 mm snall) nmoved downstream during this period. Twenty-one percent of fish
above the nedian size moved downstream This difference was significant
(P < 0.025). Five (56% of the small fish that noved downstream did not appear
later in docunented spawning areas. Al tagged fish above the nedian size
eventual |y appeared in or near docunented spawni ng areas.
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Bull trout spawned over a relatively short-time period. Mst fish reached
the general area they eventually spawned in by early August (Figure 5). W
observed pairing of fish and |less cryptic behavior during the August 24-28 ground
survey. Pairing behavior began after average water tenperatures dropped sharply
from 10-6.5°C (Figure 6). Wien we returned the followi ng week (Septenber 2-4),
fish were actively spawni ng. We observed no spawning activity on the next ground
trip (Septenber 9-11) but |ocated several new redds. Observations of radio-
tagged fish suggest actual spawning occurred over a maxi nrum of 12 d.

We observed 24 redds and docunmented spawning in four segments of the
uppernost 10 km in the drainage. A single redd was found approximately 1.5 km
above Paradise Creek (Figure 7). An area beginning 1 km upstream of Fry Pan
contained the greatest density of redds; 11 were found in a 0.7 km stream
segnent. The six largest fish in our tagging study all spawned in this mainstem
| ocation. Streamw dths at the redd | ocations averaged 9.5 m Streamgradient in
this area was low for Rapid River (1.4%. Wody debris was sparse and nuch of
the stream had an open canopy.

All remaining activity occurred in an upper tributary, the Lake Fork. The
12 redds observed in this area were scattered over 5 km including a side
tributary, the Ganite Fork. Habitat was nmuch different than at the Fry Pan site
with dense woody debris jans and thick canopy predoninating. Stream w dths at
redd sites in the Lake Fork averaged 4.3 m and gradient was slightly steeper at
1. 9%

Several other segments of Rapid River seemed good candidates for spawning
activity but were not used based on redd surveys. W observed no spawning
activity in a 2 km stream segnent near the mouth of Rattl esnake Creek despite the
presence of three radio-tagged fish in the area (Figure 7). W observed no
activity or bull trout in a 2 km segnent above Sinking Creek despite the presence
of radio-tagged fish inmediately downstream |ow gradient, and high quality
gravel .

The data suggest heavy nortality of bull trout spawners in the drainage.
Only 31% (nine) of the 29 fish that mnoved upstream of the release point
eventually left Rapid River. O the remaining 20 tagged fish, we recovered 15
tags. Most of the recovered tags (12) were found on the stream bottomin 5 to
45 cm of water. Three tags were found on the stream bank within 1 m of the
stream W found a nmaxillary bone at a single location but could find no |arger
body parts. W found small mammal scat at a single bank site near a recovered
t ag.

Five tags were not recovered. W classified these as "bank" signals because
they were found along the streanmbank, often in rocky areas or in exposed tree
roots up to 15 mfromthe stream

We observed a single untagged spawning nortality in the Lake Fork 300 m
below the Ganite Fork confluence. No injuries were apparent for this
i ndi vidual, a 598 nm nal e.

The mpjority of tagged fish died during a period of downstream novenent
during or inmediately after the spawni ng season. Tags from 15 fish were | ocated
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an average of 3,315 m below their farthest upstream |location (range = 190-
14,302 m. The remaining five fish died at the farthest upstream point they had
attained, usually prior to the early Septenber spawni ng peri od.

Post -spawning emigration was rapid for nmost surviving adults. Two fish
noved 33 km downstream from the Ganite Fork confluence to the nainstem Sal non
Ri ver near Riggins between August 8 and September 15. This equates to 4.7-
4.8 knid and is a conservative estimate since we did not track daily and they may
have reached Ri ggins before our Septenber 15 survey date. Al though all survivors
did not nove at such rates, 90% had migrated past the Rapid R ver Fish Hatchery
by Septenber 28. The l|ast survivor was observed near the Ganite Fork confluence
on Cctober 9 and had noved 20 km past the hatchery site by Cctober 22.

The method of tenperature estimation using the experinental tags was quite
accurate. The correlation between nmeasured and estimated tenperatures (from
tags) was highly significant (r2 = 0.97, p < 0.001).

Sunmary of Typical Movenents

We observed three types of bull trout migration patterns. The |east comon
behavior in Rapid River was limted or no upstream migration followed by early
(pre-August) downstream novenent past the hatchery tagging site. Three
relatively small fish (360, 400, and 416 nmm) behaved in this manner (Figure 8).
Anot her segnment of the popul ation (eight fish) denonstrated typical upstream
mgration followed by downstream novenment in mid-sumer. Sone of these
i ndi vidual s noved | ong distances downstream before dying while others eventually
returned upstream and reached docunented spawning areas (Figure 9). Twenty fish
(679 eventually mgrated to portions of the drai nage above Paradi se Creek where
we docunented spawning activity. Twelve of these individuals died. The
remai ni ng ei ght (40% survived to reach the nain Sal non River (Figure 10).

Mai n Sal non Ri ver

W believe a total of 10 fish fromthe original 30 tagged survived to reach
the Little Salnmon or nain Salnon rivers. Eight fish were tracked out of Rapid
River. A ninth fish, mssing an antennae and emtting a faint signal, was |ast
observed near the hatchery and we assune it reached the Salnobn River. Another
fish, nentioned previously, mgrated out of Rapid River in July.

Upon exiting Rapid River, tagged fish did not use the Little Salnmon R ver
for appreciable anpbunts of time. Mst of the tagged fish quickly distributed
thenselves in a 65 km segnent of the Sal non River between Witebird and Riggins.
A single fish moved upstream from Riggins; the rest noved downstream (Figure 11).
The | ongest distance noved by an individual bull trout during the entire 10-nonth
study period was 100 km

JOB3 18
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Upon entering the Salnon River, bull trout wusually sought deep water
habitats. We recorded a total of 33 use observations. On 28 occasions (85%,
fish were located in pools or runs. Locations in shallow glides (four) and
riffles (one) conprised the remai nder of observations.

Overwintering bull trout showed strong site fidelity after entering the Miin
Salmon River. Individuals typically remained in the habitat unit they selected
after cessation of downstream novement to a given point in the stream
(Figure 12). W often observed novenents of 50-100 m within individual units
bet ween observation days but tagged fish typically remanined within a given
habitat unit for the duration of the monitoring period. A single fish noved
anong several habitat types (450 n) between two observation dates. By the
following nonth it had noved back to the original |ocation however, and remai ned
there until the cessation of our monitoringactivities.

We do not know the fate of all eight fish we tracked in the main Sal non
River. One fish was docunented as harvested by an angler targeting steel head
trout in the fall fishery. Four others (50% returned to Rapid River the
following spring. One was harvested by Nez Perce tribal nenbers; the renaining
three noved upstream past the hatchery (Rapid River Fish Hatchery, unpublished
1993 data). The remaining three tagged fish were |lost, either through signal
failure, novement out of the monitoring area or to unreported sport harvest. In
March, we aerially searched the entire Salmon River fromits confluence with the
Snake River to the mouth of the South Fork Salnmon River but were unable to locate
these fish. Based on strong signal strength at the tine of the last tracking
date, unreported angler harvest is suspected for at |east one additional fish.

DI SCUSSI ON

Qur data suggest spawning in the Rapid River was limted to a snall
percentage of the overall drainage despite what appeared to be suitable substrate
over a broader area. Several authors (Pratt 1985; Fraley 1981; Shephard et al.
1982) have reported simlar observations. Tenperature is thought to be a prinmary
determinant of bull trout distribution (Goetz 1989; Rienman and Mlntyre 1993).
I n headwat er reaches, accessibility may also limt spawning. The 2 km segnent
we surveyed in the vicinity of Sinking Creek (Figure 7) contained the |argest
concentrations of spawning gravel we observed in the entire drainage, but no fish
were present. Record low flows, high gradient, and extensive debris jans
i medi ately downstream may have blocked access. Qur attenpts to quantitatively
define suitable spawning habitat for the Rapid River stock will be reported in
a subsequent report.

The macrohabitat used by bull trout stocks varies substantially. Spawning
habitat in Rapid River was simlar to that reported for the Flathead and Pend
Oielle stocks (Pratt 1985; Fraley et al. 1981; Shepard et al. 1982). Spawning
habitats in these stocks was dissimlar to those on the Lewis River, Washington,
where bull trout used an extremely high gradient (18% portion of a single
tributary al nost exclusively (Mke Faler, (USFS), Carson WA unpublished data).
Wthin the Metolious River (Mke Riehle, (USFS) unpublished data), and upper
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Clearwater R ver drainage in Alberta (Allen 1980) |ow gradient spring creeks are
often used as spawning tributaries.

Natural nortality for fish in Rapid R ver appears to be substantial. O the
30 fish originally tagged in the spring, only 33% are known to have returned to
the Little Salnmon River. Faler (USFS, unpublished data) reports virtually no
nmortality for 20 radio-tagged bull trout in Rush Creek, a tributary to the Lew s
River in Washington. Bull trout in that stream have a relatively short and
uni npeded migration route. Small sanple sizes limt the wutility and/or
conpari son of estimates from both studies, however. Qher estinates of spawning
nortality for the species are unavailable in the literature. If confirmed with
future studies, our Rapid River nortality rate (67% wll have inportant
inmplications in developing nmanagenent strategies for the protection and
enhancenent of the species. Additional work should be done on Rapid R ver next
year to confirmthe nortality results.

Qur estimate of natural nortality has some inportant limtations. The
nortality rate reported above assunes that a conbination of floy and radio tags
had no inpacts on survival. Dunning et al. (1987) reported no nortality

associated with floy tags, but MFarlane and Beani sh (1990) found significant
survival effects. Radio telenmetry has been denonstrated to have negligible
effects on nortality, growh and behavior of a variety of species (Tyus 1988;
Mnor 1981 as cited by Tyus). Faler (USFS unpublished data) lost only a single
bull trout during a 6-nonth period using both radio and floy tags. It is
i npossible to rule out tag-related effects on our nortality estinmates, however.

Initial survival of our fish was 100% two were caught within 24 h of
surgery. W were able to capture and inspect a nunber of fish during the year.
The incisions appeared to have healed within the first nonth after tagging, and
we observed no nortality of tagged fish within the first 7 weeks of tagging.
Wil e delayed tagging effects could have interacted with spawning stress and
hastened the death of some individuals, it does not seemlikely that our tagging
procedures el evated the overall estimate significantly. Until additional data
i s obtained, however, use of both floy tags and radio tags, concurrently, should
not occur unl ess absolutely necessary to study design.

Anot her possible explanation for the high nortality estimate is tag-shedding
described by Sunmerfelt and Msier (1984), Marty and Summerfelt (1986) and
Chi shol m and Hubert (1985). Tag expul sion has been shown to occur through the
incision or the anus of sone species (Marty and Summerfelt 1986). Most of our
tags were found on the stream bottom with no signs of the carcass or body parts
nearby. We cannot elimnate tag expulsion as a potential source of bias for our
spawning nortality estimate. To avoid expulsion we stayed well below the
recormended 2% ratio for fish/tag weight (Marty and Sumerfelt 1986). Tag
shedding did not occur on the Lewis R ver bull trout study but incisions there
were made laterally, not ventrally (M Faler, USFS, personal conmunication).
Because of the possibility of tag-shedding and tag-related effects, our spawning
nortality estimate should be considered as a maximum estimate for Rapid River
until additional data is collected.

Tags found up to 15 m away fromthe stream suggest actual nortality whether
from spawni ng stress or predation. We only found one untagged spawner carcass
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during the study but woody debris jans and overhead cover would nake |ocation of
carcasses i nprobabl e.

Predation seens a likely source of nortality. W observed fish conpletely
out of water "clinbing" over |ogjanms on several occasions. W were able to
easily capture the fish by hand in these instances. Also, based on linted
observations, much of downstream emi gration is acconplished by the fish backing
downstream This behavior was noted on the two occasions where actively
emgrating bull trout were tracked. Both fish backed through debris jans and
riffles and turned around to swim downstream through deeper pools. One fish
noved downstream about 750 min 3 h in this manner. This behavior may make them
highly vulnerable to predation and may explain why nost of the recovered tags
were found well downstream (mean distance = 3,300 m) of actual spawning sites.
The abundant woody debris jans, especially in the Lake Fork, nake it unlikely
t hat post-spawni ng carcasses could have drifted this distance.

Results of this study do not quantify angling exploitation on the
popul ation. Anglers harvested at least five bull trout during the opening
weekend including one tagged fish. A popular fishery occurs near the hatchery
di versi on structure because of delayed migration and bull trout releases at the
site. Inproved passage around the diversion structure is recommended. Wth the
exception of this site we observed no anglers in the Rapid River drainage during
the 1992 field season. A few anglers reportedly fish in upper portions of the
drai nage but the renoteness and |ack of roaded access probably result in mnim
har vest .

Results of the winter novenent work indicates that bull trout from Rapid
Ri ver distribute thenselves over a wide (at least 65 kn) segment of the Miin
Sal non River. Wth one exception, novenent in our study was downstream Areas

used by overwintering bull trout from Rapid River were fished heavily by
steel head anglers and incidental harvest was docunented. One angler returned a
tag from the Main Salnmon River during the fall steelhead fishery. Three

addi tional tags disappeared during the steel head season and could have been
related to tag failure, movenent or exploitation. Knowl edge of both
overwintering areas for Rapid River bull trout and heavy steel head trout angler
use near Riggins has pronpted a mail survey designed to estimate bull trout
harvest. Results will be available in 1993.

An exploitation study should be considered for the population using
outm grants noving past the Rapid River hatchery. Construction of a downstream
weir and a floy tagging programusing rewards may result in a sufficient sanple

to examne fishery effects on the stock. Such a weir would al so enabl e us
to exam ne spawning nmortality for the stock and evaluate the effects of radio
tagging on survival if additional work is considered.

Movenent data such as that generated in this study nay enable us to
qualitatively assess inmpacts of exploitation on various tributary stocks. The
Rapi d R ver stock spreads out over at |least a 65 km segnent of the Sal non River
This type of information, coupled with future harvest estinmates for the area, may
give us a general approximation of harvest effects on tributary stocks.
Assunptions would have to be made about alternate year or consecutive year
spawni ng and the bull trout spawning contribution of other streans in the area.
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Fluvial stocks of large bull trout exhibit extensive novenent that nakes
their study difficult. Bjornn and Mallet (1964) reported fish novenent of up to
325 km fromoriginal tagging sites in the Mddle Fork Salnmon River. The |ongest
di stance noved in the Rapid River study was 100 kmincluding the spawning run and
novenent to an overwintering site near Witebird. This extensive novenent and
l[imted nunbers of adult fish limt novenent studies using conventional floy or
jaw tags etc. Radio telemetry will likely be the only realistic alternative to
studyi ng novenent of large fluvial adults.

A nunber of factors in the study Iimt application of our results to the
entire Rapid River spawning run. W under-represented small fish in the run and
tagged no fish less than 360 mm even though they conprise a major portion of the
run. Results from the few small fish we tagged suggest nany fish less than
400 mm entering Rapid River in the spring do not ascend the river to spawn. They
may be ascending Rapid River to avoid high tenperatures in the main Sal non River
during md-sumrer. Future radio tagging efforts should include nmore small fish
to better characterize novenent and spawning status for this popul ati on segnent.
This would aid in assessing the reproductive potential of the Rapid River
popul ation which may not be as large as the total run indicates. Use of an
otoscope during surgery to evaluate maturity status of small fish would also
achi eve that end.

Applicability of results is also linmted by the short duration of our radio-
tagging given the length of the spawning run. W tagged fish only during the
peak of the run and, in effect, ignored early and | ate components. Barton (1992)
denonstrated vastly different spawning destinations for early and |ate segnents
of a chum sal ron Oncorhynchus keta stock using radio telenetry. Future tagging in
Rapid R ver should include a wider portion of the run to ensure that our 1992
results adequately represent the entire stock.

Finally, drought may have influenced spawning site selection in 1992. Flows
in the streamwere at typical w nter base levels by August (USFS unpublished flow
data). Mgration to areas such as the high quality gravel near Sinking Creek or
into tributaries such as Copper Creek or Fry Pan may have been linmited by these
flows. Conparison of 1992 results to a normal flow year would be desirable
before finalizing conclusions about spawning | ocations in the drainage.

The conplex nature of the habitat in Rapid R ver hindered visual observation
in many cases and we did not wuse nortality detecting tags (Bendock and
Al exandersdottir 1992). W made visual contact on only 51% of those instances
when we believed the fish to be alive despite excellent water visibility. Future
studies with bull trout should consider the use of nortality-detecting tags. The
tendency for bull trout to remain notionless on the substrate my lint
information fromthis type of tag, but they should be considered, at |east on an
experimental basis.

Radio telenetry has been used recently in a nunber of studies to docunent
novenents of large, nobile salnonids (Capp et al. 1990; Bendock and
Al exandersdottir 1992; Barton 1992). The technique appears especially suitable
for studying spawning behavior of fluvial bull trout because their spawning
habitat is often wi dely dispersed in rugged, inaccessible areas. Conventional
met hods such as spawni ng ground surveys may be unproductive. For exanple Rohrer
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(1990) spent several weeks and searched over 28 km for bull trout spawning areas

in

M ddle Fork Boise River. tributaries. He located a single redd despite

counting a nunber of large individuals in his sumer snorkeling stations.

Radi o tel emetry enables biologists to quickly locate bull trout spawning and

overwintering areas. This information will be useful for establishing trend
monitoring areas or identifying sites for nore intense study.

JOB3

RECOMVENDATI ONS

Improve fish passage at the Rapid river diversion site to mninmze fish
del ay.

Determine if angler exploitation of the Rapid River bull trout stock is
within acceptable | evels for stock maintenance.

Conduct additional radio telenetry studies on Rapid R ver stock in a typical

wat er year. Include small fish and a w der tenporal conmponent of the run.
Eval uate tag effects on survival.
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Appendi x A

tel emetry study.

Sunmary of telenetry observation dates for the Rapid R ver

Dat e Foot Air Vehicle Survey Location
5/ 27/ 92 X Hat chery Thorn Gul ch
5/ 28/ 92 X Hat chery Thorn Gul ch
5/ 29/ 92 X Hat chery above Thorn Gul ch
6/ 1/ 92 X Hat chery above Thorn Gul ch
6/ 2/ 92 X Hat chery to above Thorn Gul ch
6/ 10/ 92 X Hat chery to Rattl esnake Cr.
6/ 10/ 92 X Rapi d Ri ver
6/ 24- 6/ 25/ 92 X Hat chery Par adi se Cr.
717192 X Rapi d Ri ver
7/ 24192 X Rapi d Ri ver
7/27-7-31/92 X Headwat ers to Hatchery
8/ 11/ 92 X Rapi d Ri ver
8/ 11-8/13/92 X Headwaters to Fry Pan Cr.
8/ 24-8/28/92 X Headwat ers to Paradise Cr.
9/ 2-9/ 4/ 92 X Headwat ers to Paradise Cr.
9/ 8/ 92 X Rapi d Ri ver
9/9-9/11/92 X Headwat ers to Paradise Cr.
9/ 15/ 92 X Rapid River & Little Sal non
9/ 15-9/ 18/ 92 X Par adi se Creek to Hatchery
9/ 24/ 92 X Mai n Sal ron to Witebird
9/ 28/ 92 X Rapid River & Main Sal non
9/ 28-10/ 1/ 92 X Headwaters to Fry Pan Cr.
10/ 9/ 92 X Rapid River & Main Sal non
10/ 15/ 92 X Mai n Sal ron to Witebird
10/ 22/ 92 X Rapi d Ri ver & Main Sal non
10/ 22/ 92 X Mai n Sal ron to Witebird
11/ 5/ 92 X Rapi d Ri ver & Main Sal non
11/17-11/19/ 92 X Headwat ers to Hatchery
12/ 1/ 92 X Mai n Sal ron to Witebird
12/ 22/ 92 X Mai n Sal ron to Witebird
J3AA
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Appendi x B.

Si zes of bull

tel emetry study.

trout and radio tags used in the Rapid River

Dat e Radi o Fi sh Fi sh Radi o Tag % of
t agged tag nunber length (mMm wei ght (g) Tag wei ght (9g) body wei ght
5/ 26/ 92 150. 234 490 1, 300 11 0. 85
5/ 26/ 92 150. 315 452 1,150 6 0.52
5/ 26/ 92 150. 015 423 760 10 1.31
5/ 26/ 92 150. 335 410 740 6 0.81
5/ 26/ 92 150. 355 400 665 6 0.90
5/ 26/ 92 150. 414 622 2,206 20 0.91
5/ 26/ 92 150. 174 432 850 10 1.18
5/ 26/ .92 150. 154 400 750 10 1.33
5/ 26/ 92 150. 054 454 1, 000 10 1.00
5/ 26/ 92 150. 595 569 2,075 20 0. 96
5/ 27/ 92 150. 074 416 735 10 1.36
5/ 27/ 92 150. 195 391 685 10 1.46
5/ 27/ 92 150. 275 435 875 11 1.26
5/ 27/ 92 150. 135 454 950 10 1.05
5/ 27/ 92 150. 394 360 475 6 1.26
5/ 27/ 92 150. 214 434 900 11 1.22
5/ 27/ 92 150. 254 460 950 11 1.16
5/ 27/ 92 150. 115 462 925 10 1.08
5/ 27/ 92 150. 375 410 750 6 0. 80
5/ 27/ 92 150. 035 452 950 10 1.05
5/ 27/ 92 150. 515 551 1,610 20 1.24
5/ 27/ 92 150. 434 513 1,475 20 1.35
5/ 28/ 92 150. 095 495 1,125 10 0. 89
5/ 28/ 92 150. 294 475 1,120 11 0.98
5/ 29/ 92 150. 455 630 2,924 20 0.68
6/ 01/ 92 150. 554 520 1,540 20 1.30
6/ 01/ 92 150. 575 542 1,575 20 1.27
6/ 01/ 92 150. 474 593 2,165 20 0.92
6/ 01/ 92 150. 495 595 2,200 20 0.91
6/ 01/ 92 150. 534 627 2,781 20 0.72

Mean % of body wt. = 1.06
J3AB
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